ABSTRACT: Motion artifacts have been identified as a problem in medical tomography systems. This problem, however, is well known in other types of real time imaging systems such as RADARs and SONARS. In the cases it has been found that the application of an overlap processing scheme increases the resolution of a phased array imaging system and corrects for motion artifacts as well. Reported results have shown that the problem of correcting motion artifacts in synthetic aperture applications is centered on the estimation of a phase correction factor. This correction factor is then used to compensate for the temporal phase differences between sequential sensor-array measurements i n order to coherently synthesize the spatial information. This paper describes an approach which tracks the organ motion and allows the artifacts to be isolated in ultrasound tomography systems. The spatial overlap correlator processing scheme is used to coherently extend the size of the 2-D planar array. Adaptive processing of the data b the synthetically extended planar array yields improved array gains which help to counter any effects that cause artifacts.
The proposed approach uses a 2-D planar array of detectors for ultrasound tomography system applications that incorporates a 2-D overlap correlator [1, 2] and an adaptive processing scheme [3] . The potential improvements from such a system are three fold. There is U the potential for reduction of motion artifacs by using the overlap processing scheme [1, 2] . This scheme generates larger synthetic apertures. Larger apertures inherently provide improved array gain, and hence reduce artifacts due to scattering and loss of coherenw because of organ motion and the human body's propagation characteristics. The _ part of the work is the use of the overlap correlator [4] scheme for tracking organ motion artifacts. It has been shown, that this scheme is sumessfil at isolating motion artifacts in conventional tomographic systems [4] .~is the use of adaptive processing with near-instantaneous convergence for the larger synthesized planar array aperture [3] of the ultrasound system to provide improved army gain and reduce the effects that eventually produce the aforementioned artifacts. Shown in Figure I is the proposed experimental i
Overlap correlator
The overlap processing scheme has been shown, in SONAR and RADAR applications [1, 2] , to increase the angular resolution (array gain) and reduce artifacts that are caused by scattering and motion. The approach & generating a synthetic aperture is based on computing an appropriate phase correction fictor to synthesize extended measurements [1, 2] . Extending this scheme to the case of a 2-D planar array is straightforward. The computation of the correction is still based on the comparison of spatially overlapping measurements. This phase correction m compensates for the phase fluctuations caused by the subject's organ-motion effects and tracks the organ-motion, The extended array is then synthesized by correcting the non-overlapping measurements. It has been firther shown that synthetic aperture techniques do not lead to any loss of coherence [2] .
Tracking & correcting for organ motion In addition to extending the 2-D planar array aperture, the overlap correlator scheme [2] can also be used to track organ motion effm. Implementation of this algorithm fm medical tomography imaging systems. As shown in Figure 1 , between two successive positions of the'N-sensor receiving array, 'there-are pairs of space samples of the received field that have the same spatial information, their difference being a phase fir related to the time delay and the subject's motion while these measurements wem taken, By cross-correlating thẽ -q) pairs of the sensor time series that overlap, the desired phase correction factor is derived, which compensates for the time delay between these measurements and the phase fluctuations caused by the subject's motion effits; this is called the overlap correlQtor. Application of the overlap correlator to synthetic data sets has tracked the tid ue to the simulated organ motion. For example, the Iefi hand side reconstructed image of Figure 2 , shows a * image that is caused by the organ-motion eff~. If the measured differences by the overlap correlator scheme are reconstructed then the resulting image, which is shown by the middle image of Figure 2 , clearly shows the moving organ only. These results may be of important diagnostic value, and further may be used in processing schemes ti motion artifact removal r41
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Adaptive processing
The current fa of the investigation is to apply adaptive processing schemes [4] to remove the motion artifacts that have generated the @ image shown at the lefi hand side of Figure 2 . The right hand side image in Figure 2 provides the reconstructed image with corrections h the motion artif~ts by using adaptive schemes. In this kind of problems it is important that the intetierence and noise eff~, to be considered in the adaptive schemes, be identified and estimated. Preliminary results show that the tracking d the organ-motion is a first step in this direction. The lower right hand side waveforms of Figure 2 provide the time series of the same sensor and for three cases, (upper) when there is no organ motion, (middle) when there is organ motion @ottom) when the organ motion is isolated by the overlap correlator. The lefi hand side waveforms demonstrate the results of the adaptive processing on the time series of the sensor when there is motion present. The iteration process of the adaptive processing shows the removal of the high~ency component of the organ motion from the sensor time series. Then image reconstruction on the new set of time series provides an image without motion artifacts as shown by the upper right hand side image. In this investigation, other issues such as convergence of adaptive schemes, will be addressed to provide a system solution. me final objective is to test the theoretical developments with real data sets. Adaptive Beamforming Finally, the use of adaptive beamforming processing with near-instantaneous convergence for the larger synthesized planar array aperture [3] of the ultrasound system would provide array gain improvements that would result in better angular and spatial resolution fw the ultrasound imaging applications. This final step is very critical since implementation of adaptive beaforrning into 2-D planar arrays for active applications is not a trivial task. Our approach is to minimize the number of degrees of worn associated with the adaptation process. This is being achieved by defining 2-D planar array sub-arrays. Details about this development can be found in [3] .
CONCLUS1ON
This paper outlines an approach that uses a planar array receiver for ultrasound tomography systems that incorporate synthetic aperture and adaptive processing schemes with near instantaneous convergence. The use of such a detector arrangement has a number of potential advantages. It has the potential of generating larger synthetic planar apertures, which helps to reduce imaging artifacts by means of improved array gain. Furthermore, the approach allows for accurate tracking of any organ motion during the data acquisition process through the use of the overlap correlator scheme. Also, the use of adaptive processing with near instantaneous convergence for planar arrays yield improved array gains and spatial resolution. This further reduces the appearance of artifacts in the final image and assists on tissue identification problems.
